INTRODUCTION
Patulin is a mycotoxin which was first isolated in 1943 by Birkinshaw et al. [1] from the culture of the fungus Penicillium patulum as an antibiotic. In subsequent years, this mycotoxin was received in various laboratories, and various researchers gave it different names. These were: penicidin, claviformin, harvnin, expansin, gigantic acid [1] [2] [3] [4] .
Patulin is produced by many species of the fungi Penicillium and Aspergillus. However, Penicillium expansum is the most important. Patulin-producing fungi can be found in many food products such as fruits, vegetables, cereal grains, meat and meat products, cheese and bread. The optimal development of these fungi occurs at a relative humidity of 80-90% [1] .
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patulin, mycotoxin, interleukin 6, mice, liver. [10, 11] . This applies mainly to products obtained from apples. For fruit juices and nectars that are mostly apple-based, the maximum permissible level of patulin is 50.0 μg/kg. For alcoholic beverages obtained from apples or with apple juice, the level of patulin is also 50.0 μg/kg. For solid products obtained from apples, including purees and compote, a level of 25.0 μg/kg applies. Finally, the maximum permissible level of patulin in apple juice and solid apple products intended for children and in other food for children is 10 μg/kg [10, 11] . Patulin is a very reactive compound and easily binds to proteins and nucleic acids. This is the cause of its harmfulness to living organisms [1, 3] . Patulin is stable in an acid environment, it does not break down at pH 3.0-6.5, thus, in processes that are used in the production of food, patulin is not completely degraded. Furthermore, it is resistant to pasteurization and sterilization. Although alcoholic fermentation breaks down patulin, it may be present in alcoholic drinks produced from apples if apple juice is added to the product after fermentation [9, 12] .
Patulin exhibits a variety of effects on living organisms. This toxin can damaged a number of organs and tissues [1, [13] [14] [15] [16] [17] [18] [19] [20] , and the toxic effect of patulin may be acute, subacute and chronic. What is more, the toxicity of patulin is 3-6 times higher after its intravenous, intraperitoneal or subcutaneous administration. Of note: subacute and chronic poisoning is the result of constant exposure to intoxication even with small doses over a longer period of time [1] .
The toxic action of patulin mainly affects the gastrointestinal tract. Patulin damages the intestinal mucosa. This leads to the degeneration of the epithelial cells, and, consequently, is the cause of chronic inflammation, ulceration and gastrointestinal bleeding [21, 22] . In addition, it can lead to disturbance of intestinal motility and abnormalities in the production of digestive enzymes [15] . Patulin also damages liver cells. This affects the activity of liver enzymes [14, [23] [24] [25] .
What is more, it has been shown that patulin affects the immune system of the body as it leads to changes in the production and function of lymphocytes. It also causes an increase in the number of cytotoxic T lymphocytes, impaired production of immunoglobulins (mainly immunoglobulin G) and an increase in the amount of neutrophils and monocytes. Moreover, it inhibits the function of macrophages. Furthermore, patulin affects the production of cytokines and it inhibits the interferon gamma, interleukin 4, 10 and 13 secretion by human monocytes and T lymphocytes [26, 27] .
Interleukins (IL) are mainly produced by leukocytes, but they can also be produced by fibroblasts, endothelial cells, adipocytes, and cells of the colon and bone marrow [28] .
IL-6 is a cytokine with multidirectional effects. It mainly works on B-lymphocytes, stimulating the differentiation of these cells and the production of immunoglobulins by them. IL-6, together with IL-1, also activates T-lymphocytes recognizing antigens and stimulates the formation and differentiation of cytotoxic lymphocytes. IL-6 is considered an early and sensitive indicator of inflammatory reactions.
It is the basic stimulator of acute phase protein synthesis in the liver, mainly CRP protein. In inflammatory conditions, the concentration of IL-6 in the serum of patients increases many times. IL-6 also has a pyrogenic effect. Together with IL-1, TNF and INF, this cytokine can significantly increase body temperature [29, [30] [31] [32] by stimulating prostaglandin production. Increased IL-6 production and sustained high serum concentration of this cytokine promote the passage of an acute inflammatory reaction into the chronic phase, which contributes to the development of many diseases [33] .
The inhibition of protein synthesis by patulin adversely affects the mitotic divisions of rapidly dividing cells of the immune system, and adversely affects the systemic immune system, both cellular and also humoral. Furthermore, it significantly reduces the body's resistance to bacterial, viral, as well as fungal infections [34] .
The aim of our work was to assess the toxic effect of patulin, based on the analysis of interleukin IL-6 concentrations in the liver of test animals loaded with different doses of this mycotoxin.
MATERIAL AND METHODS
The research was conducted on mice -females of the Albino Swiss with a body weight of 20-24 g. These were randomly assigned to the different groups. The use of females in the experiment was aimed at eliminating the fight for territory by males and the unpleasant odors emitted. During the experiment, the animals were maintained under standard laboratory conditions. Prior to the research, the consent of the Local Ethics Commission of the Medical University in Lublin was obtained for conducting experiments on animals for scientific purposes (No. 22/2013).
The experimental animals were divided into 6 groups of 6 animals each, which received different doses of active substances intraperitoneally according to different schemes (Tab. 1). The LD50 value is the dose needed to cause the death of 50% of animals of a specific species. For the AlbinoSwiss white mice used for own studies, LD50 for patulin corresponds to a dose of 10 mg/kg m.c. [35, 36] .
After decapitation of the animals, the liver for laboratory tests was taken from them. The liver was homogenized in PBS buffer -a concentrated, buffered saline solution (Phosphate-Buffered Saline from GIBCO ® ) in the proportions: 0.5 g of material per 2 ml of buffer. The prepared homogenate was then centrifuged for 15 minutes at 14.000 min. at 4°C. In the obtained supernatants, the IL-6 concentration was Current Issues in Pharmacy and Medical Sciences determined by means of an ELISA reader using the CloudClone Corp kit (USA).
Statistical analysis
The obtained results were statistically developed and are presented as tables and figures. The arithmetic mean ± standard deviation, the minimum and maximum values were calculated. In order to apply the appropriate statistical tests, We first ascertained whether the obtained test results are distributed according to the normal distribution. In the absence of normal distribution or non-uniform variance, non-parametric methods were used.
Significance of differences between IL-6 concentration in the liver of animals subjected to patulin intoxication and the concentration of this cytokine in the liver of animals from control groups was assessed using the U Mann-Whitney test. The assessment of the significance of changes in IL-6 concentrations in the liver of the test animals after the administration of different doses of patulin was achieved using Kruskal-Wallis's ANOVA test. In contrast, a post-hoc Dunn test was used to perform a detailed analysis of multiple comparisons regarding differences between individual groups of animals loaded with different doses of patulin.
Statistical results were considered statistically significant at the probability level p <0.05.
The statistical analysis was carried out using the Statistica version 10.0 computer program from StatSoft (an academic license for the Medical University of Lublin).
RESULTS
Concentration of IL-6 in the liver of animals chronically patulin-burdened, and in animals from control group 1 (Table 2) . In animals from the control group that had received intraperitoneal 0.9% NaCl solution for 28 days, the concentration of IL-6 ranged from 61.77 ng/ml to 218.33 ng/ml, and averaged 137.42 ng/ml. In contrast, in animals administered intraperitoneally patulin at a dose of 0.1 LD50, the concentration of the studied interleukin was at levels from 117.75 ng/ml to 658.35 ng/ml, and averaged 305.84 ng/ml.
Statistical analysis of the results obtained by using the Mann-Whitney U test showed that the concentration of IL-6 in the liver of animals chronically burdened with 0.1 LD50 of patulin was significantly higher (p = 0.02) than the values observed in control group 1 (Tab. 2).
The IL-6 concentration in the liver of animals after a single load with various doses of patulin and in animals from control group 6 is shown in Table 3 . Herein, the test animals were loaded with a single dose of various patulin dose strengths as an expression of acute poisoning.
The highest concentration of IL-6 (276.62 ng/ml) was observed in the liver of animals loaded with the highest single dose of patulin (0.5 LD50). After using the lower doses of this mycotoxin: 0.2 LD50 and 0.1 LD50, IL-6 concentrations in animals from these groups were lower and amounted to 161.66 ng/ml and 80.42 ng/ml, respectively. These differences as assessed by the Kruskal-Wallis test were statistically significant (H = 15.34; p = 0.001) (Tab. 3). A detailed comparative analysis carried out with the post-hoc test showed that these differences were mostly due to the results of IL-6 concentrations in the liver between animal groups 3 and 6; 4 and 6; 3 and 5 and 4 and 5 (p <0.05).
The IL-6 concentrations in the liver of animals loaded with a single dose of patulin: 0.5 LD50 were significantly higher (p = 0.004) than the values observed in control group 6 ( Fig. 1 ) and in group 5 (Fig. 2) . Similarly, in group 4, the concentration of IL-6 in the liver was significantly higher (p = 0.02) than in the control group 6 (Fig. 3) and in group 5 (p = 0.005) (Fig. 4) .
However, the comparative analysis did not show any statistically significant differences between the IL-6 concentration in the liver of animals loaded with the lowest dose of patulin (0.1 LD50) at once in relation to animals from control group 6 (p = 0.97) (Fig. 5) . The differences in IL-6 concentrations between groups of animals that received patulin at 0.5 LD50 and 0.2 LD50 at one time were also statistically insignificant (p = 0.07) (Fig. 6 ).
DISCUSSION
Mold fungi are a constant element within the natural environment of man. Contact with them and with the mycotoxins which they produce is very widespread and takes place in various ways. However, it is known that food is the main source of mycotoxin intake for humans [1, 37] , and numerous bibliographic data confirm the multidirectional, toxic effect of various mycotoxins on the human, animal and plant organisms [1, [13] [14] [15] [16] [17] [18] [19] [20] . Still, there are not many works on the harmful effects of patulin.
In the initial period of research on patulin, aspects related to its phytotoxicity were mainly addressed, and the strong antibiotic properties of patulin were made known. This mycotoxin was thus approved as an aerosol for the treatment of upper respiratory tract infections. However, in the subsequent years, its toxic effect was confirmed [15] and approval was withdrawn.
Studies conducted by various authors have confirmed the effect of patulin on the synthesis and activation of various cytokines [15, 22, 27, 34, 38, 39] . Wichman et al. [27] showed a reduction in the secretion of interferon gamma and interleukin 4 by human macrophages after intoxication with patulin. 
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Moreoves, Luft et al. [38] also demonstrated the inhibitory effect of patulin on the production of interleukins 2, 4, 5, 10 and 13 by human peripheral blood mononuclear cells. However, Maresca et al. [22] demonstrated a stimulatory effect of patulin on the production of interleukin 1 and 8. Finallr, research by Bouhet et al. [15] confirmed the effect of patulin on the induction of gene expression for TNF-α, IL-6, and for IL-1 and IL-8.
However, in the available literature of recent years, no data were found on the tests assessing IL-6 concentrations of animal liver after intoxication with various doses of patulin.
In addressing this deficit, our studies have shown that chronic intoxication with patulin at 0.1 LD50 led to a statistically significant increase in IL-6 concentration in the liver of the test animals (as compared to the control group). We also found that the loading of experimental animals with a single dose of patulin in the amount of 0.5 LD50 and 0.2 LD50 led to a statistically significant increase in this interleukin in the examined organ. Indeed, the single dose of the lowest concentration of patulin (0.1 LD50) alone showed no difference in its concentration compared to the control group.
The highest average IL-6 concentration was recorded in the liver of animals loaded with the highest single dose of patulin (0.5 LD50). After applying, one-time doses of this mycotoxin in the amount of 0.2 LD50 and 0.1 LD50, the mean concentrations of IL-6 in the liver in animals from these groups were statistically significantly lower. Indeed, the lowest average concentration of IL-6 that did not differ in a statistically significant way from the values observed in the control group, was found in the liver of animals loaded with the lowest one time dose of patulin.
The obtained results confirm the hepatoxic effect of patulin. Moreover, they indicate the adverse effects of exposure to the body not only to a single, high dose of patulin (most often due to random chance), but also to intoxication with low doses of this mycotoxin, chronically-taken.
Gashlan H.M. [36] , Puel et al. [1] , and Song et al. [25] confirmed the hepatotoxicity of patulin, and based this on the assessment of the histopathological view of the liver and the concentration of hepatic enzymes in the serum of experimental animals. The inducing effect of patulin on the IL-6 and TNF-α secretion has also been demonstrated [15, 24] . IL-6 is considered an early and sensitive indicator of inflammatory reactions, and a number of toxins induce the production of IL-6. This reaches its maximum concentration in as little time as 3 hours after the onset of intoxication. In inflammatory conditions, the concentration of IL-6 in the serum of patients increases many times [40, 41] .
The main effector organ of IL-6 action is the liver, and after just 20 minutes, 80% of the labeled, recombinant human IL-6 administered to experimental animals gets into the organ. IL-6 is localized on the surface of hepatocytes where specific receptors for this cytokine are found [42] .
Increased production of IL-6, as well as long-lasting high concentration in the blood serum, promotes the passage of the acute inflammatory reaction of the body into the chronic phase. Herein, IL-6 influences the regulation of the secretion of vascular endothelial growth factor that is produced by various types of cells. This plays a fundamental role in angiogenesis and increases the permeability of blood vessels. This, in turn, affects the development and maintenance of inflammation [43] [44] [45] .
The analysis of the obtained results and the available literature positions confirm the hepatotoxic effect of patulin. Most often unaware of the danger, we eat fruit contaminated with patulin, or preparations made from them, yet, one moldy fruit or vegetable, and even one pistachio or groundnut is enough to blemish the whole batch of fruits, juices, jams or other food products [2] .
The various clinical symptoms that develop gradually and slowly resulting from chronic intoxication with low doses of mycotoxins can remain unnoticed for a long period of time. In such situations, the full clinical manifestation of mycotoxicosis often occurs when the damage to a wide range of tissues and organs is very extensive and sometimes irreversible. In addition, co-existing other diseases of the body, the current state of nutrition and the taken drugs can change the metabolism of mycotoxins, intensify their toxic action, and effect the clinical picture of poisoning. These factors significantly hinder the diagnosis and delay the implementation of appropriate therapeutic procedures. Therefore, it is important to monitor mycotoxin concentrations in products consumed by humans and in animal feeds. It is also necessary to conduct educational activities aimed at promoting issues concerning mycotoxins, their occurrence in the natural environment of man and the risks resulting therefrom.
CONCLUSION
The results of our research indicate that not only a single exposure to a high dose of patulin (which is an expression of acute poisoning), is dangerous for the animal organism, but also the toxic effect of even small doses of this mycotoxin acting on the body in a chronic manner is worrying. So the results presented in this work require continuation. Were this undertaken, the action will contribute to not only a fuller understanding of the mechanisms of hepatotoxic action of patulin, but also to an understanding of the mechanisms leading to disturbances of systemic homeostasis processes which are a consequence of mycotoxin intoxication. It is, thus, necessary to establish a pattern of prophylactic and therapeutic actions in the case of patulin intoxication, as well as that of a number of other mycotoxins.
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